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1
DEVICE AND METHOD TO DISCHARGE A
CAPACITOR FOR USE IN THE ELECTRIC
POWER SYSTEM OF AN ELECTRIC DRIVE
VEHICLE

REFERENCE TO RELATED APPLICATION

This application claims benefit of the filing date of and
priority to Italian Patent Application TO2011A 000769 filed
on Aug. 12, 2011.

BACKGROUND OF INVENTION

1. Field of Invention

The invention relates to, in general, a discharge device and,
in particular, such a device and discharge method to actively
discharge a capacitor in an electric-power system of an elec-
tric-drive vehicle [“electric-drive vehicle” meaning either a
vehicle with electric drive only (i.e., free from other types of
mechanical-energy sources) or hybrid vehicle provided with
electric drive and thermal drive].

2. Description of Related Art

Electric drive combined with traditional thermal drive for
making hybrid drive is becoming increasingly more popular
in road vehicles. Electric drive includes using a three-phase
(typically, synchronous and of the “permanent magnet” type),
reversible rotating electric machine (i.e., capable of working
either as an electric motor by drawing electricity and gener-
ating a mechanical drive torque or electric generator by draw-
ing mechanical energy and generating electricity) that, on one
side, is mechanically connected or connectable to the drive
wheels and, on the other side, electrically connected to an
electronic power converter that exchanges electricity with a
storage system consisting of electrochemical cells working at
high-voltage, (of the order of 400-600 volts). A filter capaci-
tor is present immediately downstream of the storage system.
The filter capacitor is installed in the electronic power con-
verter and connected in parallel to the terminals of the storage
system and has a high capacity and the function of absorbing/
supplying high-frequency electricity. In other words, the stor-
age system supplies/absorbs the “average value” of the
exchanged electricity while the filter capacitor supplies/ab-
sorbs the pulse variations of the exchanged electricity (this
extends the life of the electrochemical cells of the storage
system, which rapidly decay when they must exchange
impulsive energy).

Whenneeded (e.g., whenever the vehicle is turned off at the
end of traveling by the starter key or is case of maintenance
intervention or accidents), the storage system is galvanically
isolated from the rest of the electric circuit by an isolating
switch to ensure the disconnection of electricity from the
electric circuit. However, the filter capacitor is arranged
downstream of the insulating switch of the storage system,
and, by remaining charged, it maintains the electric system
live for a very long time. It is, therefore, necessary to dis-
charge the filter capacitor whenever the isolating switch of the
storage system is opened. How to discharge a capacitor in a
passive manner (i.e., by a discharge resistor that is perma-
nently connected in parallel to the capacitor) or active manner
(i.e., by biasing a discharge resistor to “conduction” mode to
create a discharge branch in parallel to the capacitor by which
the capacitor charge is dissipated) is known.

The passive discharge system is highly safe because it
always works (at least until mechanical integrity of the sys-
tem is ensured), but it requires a very long time (of the order
of several minutes) to take the residual voltage of the capaci-
tor to safe levels and provides a permanent energy dissipation
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by “Joule effect” On the other hand, the active discharge
system may rapidly discharge the capacitor (in a few seconds)
and only dissipates energy when it is used (therefore, it has an
absolutely negligible energy dissipation). But, on the other
hand, it may not be activated in case of malfunction of the
control system that must activate the discharge transistor.

Thus, it is the object of the invention to provide a discharge
device and method to actively discharge a capacitorused in an
electric-power system of an electric-drive vehicle. More spe-
cifically, it is the object of the invention to provide such a
discharge device and method that are free from the above-
described drawbacks while being easy and cost-effective to
be implemented.

SUMMARY OF INVENTION

The invention overcomes the drawbacks in the related art in
a discharge device that actively discharges a main capacitor in
an electric-power system of an electric-drive vehicle. The
discharge device comprises a discharge branch of a circuit
that is connected in parallel to the main capacitor and includes
a discharge transistor that is biased to “conduction” mode
when the main capacitor is required to be discharged. A
control device is connected to a “gate/base” terminal of the
discharge transistor and commands the discharge transistor,
biasing the discharge resistor to “conduction” mode when the
main capacitor is required to be discharged. The control
device includes a safety capacitor that is interposed between
the “gate/base” terminal and a power supply and charges
when the discharge transistor is in the “conduction” mode,
causing a progressive decrease of current at the “gate/base”
terminal until the discharge transistor is biased to the “non-
conductive” state.

The invention overcomes the drawbacks in the related art in
also a discharge method for active discharge of a main capaci-
tor in an electric-power system of an electric-drive vehicle.
The method comprises a step of biasing, when the main
capacitor is required to be discharged, a discharge transistor
to “conduction” mode to create a discharge branch in a circuit
through which energy accumulated in the main capacitor is
discharged. The method comprises also a step of charging,
when the discharge transistor is in the “conduction” mode, a
safety capacitor that is interposed between a “gate/base” ter-
minal of the discharge transistor and a power supply to cause
a progressive decrease of current at the “gate/base” terminal
until the discharge transistor is biased to a “non-conductive”
state.

The discharge device and method of the invention actively
discharge a capacitor used in an electric-power system of an
electric-drive vehicle. More specifically, the discharge device
and method of the invention axe free from the above-de-
scribed drawbacks while being easy and cost-effective to be
implemented.

Other objects, features, and advantages of the discharge
device and method of the invention are readily appreciated as
the discharge device and method become more understood
while the subsequent detailed description of at least one
embodiment of the discharge device and method is read
taken. In conjunction with the accompanying drawing
thereof.

BRIEF DESCRIPTION OF EACH FIGURE OF
DRAWING

FIG. 1 is a diagrammatical view of an electric-power sys-
tem of an electric-drive vehicle provided with a discharge
device made according to an embodiment of the invention;
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FIG. 2 is an approximate electric scheme of the embodi-
ment of the discharge device illustrated in FIG. 1;

FIG. 3 is a detailed electric scheme of the embodiment of
the discharge device illustrated in FIG. 1; and

FIG. 4 charts time evolution of magnitudes of the embodi-
ment of the discharge device illustrated in FIG. 1 when acti-
vating the capacitor discharge.

DETAILED DESCRIPTION OF EMBODIMENTS
OF INVENTION

In FIG. 1, an electric-power system of a hybrid thermal-/
electric-drive vehicle is generally indicated at 1. The electric-
power system 1 comprises a three-phase (typically, synchro-
nous and of the “permanent magnet” type), reversible
electrical machine 2 (i.e., that may work either as an electric
motor by drawing electricity and generating mechanical drive
torque or electric generator by drawing mechanical energy
and generating electricity) that is mechanically connected or
connectable to the drive wheels of the vehicle.

The electric-power system 1 comprises an electronic
power converter 3 that is electrically connected to the electric
machine 2 by three cables 4 and controls the electric machine
2 and high-voltage storage system 5 (typically, 400-600 volts)
that is adapted to store electricity, consists of a pack of lithium
batteries (provided with respective electrochemical cells),
and is electrically connected to the electronic power converter
3 by a pair of cables 6. The high-voltage storage system 5 has
the function of storing/releasing large amounts of energy that
are exchanged with the electric machine 2 when electrically
driving the vehicle.

The electric-power system 1 comprises a low-voltage stor-
age system 7 (typically, 12 volts) that is adapted to store
electricity and generally consists of a single lead battery. The
low-voltage storage system is intended to store a small
amount of electricity that is used to supply the auxiliary
services of the vehicle working at low voltage. The electric-
power system 1 comprises an electronic “DC/DC” converter
8 that is connected to the low-voltage storage system 7 by a
pair of cables 9 to supply energy, when needed, to the low-
voltage storage system 7, thus keeping it charged over time. In
other words, the electronic “DC/DC” converter 8 takes high-
voltage electricity from the high-voltage storage system 5 and
transfers low-voltage electricity to the low-voltage system 7.
The electronic “DC/DC” converter 8 could also be of the
“two-way” type to transfer or take electricity to/from the
low-voltage storage system 7.

The high-voltage storage system 5 is provided with an
isolating switch 10 that, when necessary (e.g., in case of
maintenance intervention or accidents), is automatically
opened to galvanically separate the high-voltage storage sys-
tem 5 from the rest of the electric system 1.

The electric-power system 1 comprises a filter capacitor
Chuer that is connected in parallel to the terminals of the
high-voltage storage system 5 immediately downstream of
the isolating switch 10 (i.e., interposed between the high-
voltage storage system 5 and all the other electric appara-
tuses) and has a high capacitance and the function of absorb-
ing/supplying high-frequency electricity. In other words, the
high-voltage storage system 5 supplies/absorbs the “average
value” of the exchanged electricity while the filter capacitor
Cjuer supplies/absorbs the pulse variations of the exchanged
electricity (thereby, the life of the electrochemical cells of the
high-voltage storage system 5, which rapidly decay when
they must exchange impulsive energy, is extended).

The electric-power system 1 comprises a discharge device
11 that is arranged close to the filter capacitor Cg,, and
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4

connected in parallel to the filter capacitor Cp,,, and has the
function of discharging the titter capacitor Cg,,, [i.e., rapidly
lowering the residual voltage of the Hirer capacitor Cyy,,, to
non-dangerous values (typically, lower than 50-60 volts)]
whenever the isolating switch 10 of the high-voltage storage
system 5 is opened.

The electric-power system 1 comprises a control unit 12
(typically, provided with a microprocessor) that supervises
the operation of the whole electric-power system 1 and, inter
alia, controls the isolating switch 10 of the high-voltage stor-
age system 5 to open the isolating switch 10 itself when
necessary (and, accordingly, controls the discharge device 11
to discharge the filter capacitor Cy,,, whenever the isolating
switch 10 is opened).

As shown in FIG. 2, the discharge device 11 comprises a
discharge branch 13 that is connected in parallel to the filter
capacitor C;,,, and provided with a discharge transistor TD
that is biased to “conduction” mode when discharging the
filter capacitor Cg,,, is required. In other words, the discharge
transistor TD is arranged in series along the discharge branch
13 and, thus, works as a switch that opens and closes the
discharge branch 13. When the discharge transistor TD is
biased to “conduction” mode, there is electric continuity
along the discharge branch 13, and, therefore, the energy
contained in the filter capacitor Cg,,, may be dissipated
through the discharge branch 13. When, instead, the dis-
charge transistor TD is isolated, there is no electric continuity
along the discharge branch 13, and, thus, the energy contained
in the filter capacitor Cg,,,. cannot be dissipated through the
discharge branch 13. A dissipation resistor R, that is arranged
in series to the discharge transistor TD is also present in the
discharge branch 13 (in particular, connected between the
emitter of the discharge transistor TD and electric ground of
the high-voltage circuit). The energy of the filter capacitor
Cjuer-can be dissipated mainly on the discharge transistor TD,
dissipation resistor R_, or both in any proportion by varying
the size of the components.

The discharge device 11 comprises a control device 14 that
is connected to the “gate/base” terminal of the discharge
transistor TD and controls the discharge transistor TD by
biasing the discharge transistor TD to “conduction” mode
when discharging the filter capacitor Cg,,, is required. In
other words, the control device 14 normally connects the
“gate/base” terminal of the discharge transistor TD to the
electric ground of the high-voltage circuit to maintain the
discharge transistor TD isolated (and, thus, discharge branch
13 open). The control device 14 connects the “gate/base”
terminal of the discharge transistor TD at a supply voltage (in
an embodiment, a positive terminal of the filter capacitor
Cjuer) 1o bias the transistor TD to “conduction” mode and,
thus, close the discharge branch 13 when discharging the filter
capacitor Cgy,,, is required.

As shown in FIG. 3, the control device 14 comprises a
control transistor TC that is controlled by the control unit 12
and must be isolated (i.e., “off” or in a “non-conductive”
state) to allow the discharge transistor TD to conduct. In other
words, the control transistor TC is connected to the “gate/
base” terminal of the discharge transistor TD so that the
discharge transistor TD is biased to “conduction” mode only
when the control transistor TC is isolated. In particular, an
output of the control unit 12 is connected to the “gate/base”
terminal of the control transistor TC by a voltage divider
consisting of two connecting resistors R, and R,. Thereby, the
control transistor TC is controlled by the control unit 12 that
normally maintains the control transistor TC in a “conduct-
ing” state and biases the control transistor TC from the “con-
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ducting” state to the “isolated” state when discharging the
filter capacitor Cg,,, is required.

According to an embodiment, a phototransistor OT—that
ensures the galvanic insulation between the low-voltage
branch (typically, 5 volts) (in which the control unit 12 and
control transistor TC are located) and high-voltage branch (in
which the discharge transistor TD and filter capacitor Cg,,.,
are located)—is interposed between the control transistor TC
and discharge transistor TD. In other words, the control
device 14 comprises a photo-transistor OT that is connected
between the discharge transistor TD and control transistor TC
to provide a galvanic insulation. A control photodiode of the
phototransistor OT is connected in series to the control tran-
sistor TC (in particular, an anode of the control photodiode is
connected to a supply voltage by a polarization resistor R, .,,)
while a cathode of the control photodiode is connected to a
collector of the control transistor TC (the emitter of the con-
trol transistor TC is connected to the electric ground of the
low-voltage circuit and galvanically isolated from the electric
ground of the high-voltage circuit).

The “gate/base” terminal of the discharge transistor TD is
connected to the positive terminal of the filter capacitor C,,,
by a connecting resistor R,,, and electric ground of the high-
voltage circuit by a connecting resistor R ;,,,,. The two con-
necting resistors R,, and R ,,,,,,, define a voltage divider that
applies a fraction of the overall voltage of the filter condenser
Chuer 1o the “gate/base” terminal of the discharge transistor

The control device 14 (i.e., phototransistor OT) connects
the “gate/base” terminal of the discharge transistor TD to the
electric ground of the high-voltage circuit when the control
transistor TC is biased to “conduction” mode. Thereby, when
the control transistor TC is biased to “conduction” mode, the
“gate/base” terminal of the discharge transistor TD is equi-
potential with the electric ground of the high-voltage circuit.
Thus, the discharge transistor TD is mandatorily isolated.

According to a an embodiment, the control unit 14 com-
prises a safety capacitor C,,, that is interposed between the
“gate/base” terminal of the discharge transistor TD and posi-
tive terminal of the biter capacitor Cgy,,,. In particular, the
safety capacitor C, . is connected in series to the connecting
resistor R, , and arranged downstream of the connecting resis-
tor R, with respect to the “gate/base” terminal of the dis-
charge transistor TD. Furthermore, the safety capacitor C, .,
is also interposed between the “gate/base” terminal of the
discharge transistor TD and control device 14 (i.e., pho-
totransistor OT). The emitter of the phototransistor OT is
directly connected to the electric ground of the high-voltage
circuit while the collector of the photo transistor OT is con-
nected to a point “A” arranged between the connecting resis-
tor R, and safety capacitor C,,,, (i.e., a first terminal of the
control device 14 is connected between the connecting resis-
tor R, and safety capacitor C,, . and a second terminal of the
control device 14 is connected to the electric ground of the
high-voltage circuit). Moreover, the “gate/base” terminal of
the discharge transistor TD is directly connected to a point
“B” arranged between the safety capacitor C,,, and connect-
ing resistor R ;.-

As explained in greater detail below, the safety capacitor
C,az 15 charged when the discharge transistor TD is in the
“conductive” state, thus determining a progressive reduction
of the voltage/current at the “gate/base” terminal of the dis-
charge transistor TD until the discharge transistor TD is taken
to the “isolated” state after a certain period of time from the
starting instant of charging the safety capacitor C,,, (i.e., the
conduction of the discharge transistor TD).
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According to an embodiment, the discharge device 11 also
comprises a discharge resistor R, that is permanently con-
nected in parallel to the filter capacitor Cgy,, to determine a
passive discharge of the filter capacitor Cg,,,.. The function of
the discharge resistor R, is essentially of (extreme) emer-
gency [i.e., the discharge resistor allows to discharge (very
slowly) the filter capacitor Cp,,, also when the discharge
device 11 is completely out of order].

The operation of the discharge device 11 is described
below with reference to FIG. 3 and time charts in FIG. 4. In
normal operating conditions (including, in FIG. 4, between
time instant T, and time instant T, ), the control transistor TC
is in the “conductive” state (“ON”). Thus, an electric current
flows through the control photodiode of the phototransistor
OT (that is connected in series to the control transistor TC).
Therefore, the phototransistor OT is in the “conductive” state
as well. As the phototransistor OT is in the “conductive” state,
point “A” is connected to the electric ground of the high-
voltage circuit (through the phototransistor OT in the “con-
ductive” state). Thus, the voltage V ,  at the terminals of the
safety capacitor C,,,, is zero (as point “A” is connected to the
electric ground of the high-voltage circuit), and the voltage
V 5.anp 0f the “gate/base” terminal of the discharge transistor
TD is also zero (as point “A” is connected to the electric
ground of the high-voltage circuit). When the voltage V_
of the “gate/base” terminal of the discharge transistor TD is
zero, the discharge transistor TD is necessarily isolated
(“OFF”). Thus, the discharge branch 13 is open.

The isolating switch 10 is opened just before time instant
T,, and, therefore, rapidly discharging the filter capacitor
Cjuer 18 required. Accordingly, in time instant T, , the control
unit 12 cancels the signal from the “gate/base” terminal of the
control transistor TC, thus biasing the control transistor TC
itself to “non-conductive” state (“OFF”). In time instant T,
the current across the control photodiode of the phototrans-
istor OT is cancelled (due to the opening of the control tran-
sistor TC), and the phototransistor OT stops conducting.
Therefore, point “A” is isolated from the electric ground of
the high-voltage circuit. In time instant T, point “A” is iso-
lated from the electric ground of the high-voltage circuit, and,
thus, point “B” (i.e., the “gate/base” terminal of the discharge
transistor TD) is at a maximum voltage V,,,+ (the value of
which depends on the “reduction” ratio of the voltage divider
formed by the two connection resistors R,,, and R 4,,,,,) while
the safety capacitor C, , starts charging (i.e., the voltage V, 5
at the terminals of the safety capacitor C,,, starts rising).

Due to the progressive charging of the safety capacitor
C,az» the voltage V., at the terminals of the safety capacitor
C,. exponentially increases, and the voltage V_;yp, at the
“gate/base” terminal of the discharge transistor TD decreases
in a complementary manner. Between time instant T, and
time instant T,, the voltage V- p at the “gate/base” termi-
nal of the transistor TD decreases progressively and exponen-
tially between the maximum voltage V,,,+ and a minimum
voltage V., that are, however, sufficient to maintain the
discharge transistor TD in the “conductive” state. After time
instant T,, the voltage Vz_ .y, at the “gate/base” terminal of
the discharge transistor TD drops under the minimum voltage
V ,.ins and, thus, the discharge transistor TD stops conducting
and returns to the isolated condition (“OFF”). In other words,
in time instant T,, the voltage V,  at the terminals of the
safety capacitor C_,, reaches a threshold voltage V., such
that the voltage Vz_ap at the “gate/base” terminal of the
discharge transistor TD is equal to the minimum voltage V.,
under which the discharge transistor TD stops conducting and
returns to the isolated condition (“OFF”).
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The safety capacitor C,,,, serves the function of a “timer”
that “automatically” turns off the discharge transistor TD
after a given interval of time (of the order of a few seconds)
from activation of the discharge transistor TD itself (i.e., once
the discharge transistor TD is biased to “conduction” mode, it
keeps conducting for a given time interval at the end of which
the effect of the safety capacitor C,,, determines an “auto-
matic” switch-oft of the discharge transistor TD). This func-
tion of the safety capacitor C,,, is very important because it
allows to protect the discharge branch 13 (in particular, dis-
charge transistor TD) from overheating when the discharge
transistor TD is activated without the isolating switch 10
having been opened. In other words, a fault could bias the
discharge transistor TD to “conduction” mode without the
isolating switch 10 being opened. In this case, all the energy
of the high-voltage storage system 5, which is very much
higher than the energy stored in the filter capacitor Cg,..,, is
discharged into the discharge branch 13 and, thus, rapidly
determines the melting of the discharge transistor TD and/or
dissipation resistor R,. Instead, by virtue of the action of the
safety capacitor C,,,, the discharge transistor TD opens in all
cases after a given time interval. It, thus, prevents energy
higher than the actual dissipation capacities from being dis-
sipated in the discharge branch 13.

According to an embodiment, when discharging the filter
capacitor Cy,, is required, the active control unit 12 activates
the electronic “DC/DC” converter 8 that is connected in par-
allel to the filter capacitor C,,, and supplies the low-voltage
storage system 7 to transfer the energy from the filter capaci-
tor Cg,,, to the low-voltage storage system 7. Furthermore,
when discharging the filter capacitor Cy,,, is required, the
control unit 12 activates the electronic power converter 3 that
is connected in parallel to the filter capacitor Cg,,, and con-
trols the electric machine 2 to allow a current to circulate
through the electric machine 2 [which does not determine
generation or absorption of drive torque (but determines a
certain power dissipation by “Joule effect” in the windings of
the electric machine 2 and inside the electronic power con-
verter 3)]. The energy that is absorbed by the electronic “DC/
DC” converter 8 and electronic power converter 3, working in
parallel with (i.e., in addition to) the discharge branch 13,
allows to substantially accelerate the discharge of the filter
capacitor Cyy,,,. Thereby, the filter capacitor Cgy,, can be
discharged (i.e., the voltage at the terminals of the filter
capacitor Cg,,, can be lowered to non-dangerous values) very
rapidly (in less than one second) despite using a relatively
small discharge transistor TD (i.e., not provided with a high
heat-dissipation capacity). In other words, the intervention of
the electronic “DC/DC” converter 8 and electronic power
converter 3 helps to discharge the filter condenser Cg,..,, and,
therefore, a less-performing discharge transistor TD (thus,
smaller and less costly) can be used while maintaining a very
low discharge time of the filter capacitor Cg,.

The discharge device 11 is very safe per se because no
control activation is required (i.e., turning on the control
transistor TC) to activate the discharge of the filter capacitor
Cjizer» but cancellation of a control is required (i.e., turning off
the control transistor TC). Thus, in the case of fault of the
control unit 12 (e.g., when the microprocessor of the control
unit 12 is reset in case of mechanical failure in the connection
between the control unit 12 and control transistor TC or
interruption of the power voltage of the control transistor TC),
the discharge transistor TD automatically closes (i.e., is auto-
matically biased to “conduction” mode), thus allowing to
discharge the biter capacitor Cg,,.,. In case of fault, the inter-
vention of the electronic “DC/DC” converter 8 and electronic
power converter 3 is not realistic to help (speed up) the dis-
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charge of the filter capacitor Cgy,,,, but the only consequence
is a loss of efficiency (i.e., the discharge of the filter capacitor
Cjuertakes longer) . . . and not a loss of effectiveness [i.e., the
filter capacitor Cg,, is, however, discharged, albeit over a
longer time (of the order of a few seconds instead of less than
one second)].

The basic idea is to provide a control device 14 with
“reverse” operation. Indeed, the discharge of'the filter capaci-
tor Cpy,,, 1 not generated following an activation control. But,
on the contrary, the discharge of the filter capacitor Cg,.., is
constantly deactivated by generating a deactivation control.
When such a deactivation control ceases (due to a choice by
the control unit 12 or following a fault), the discharge of the
filter capacitor C,,, is automatically activated. Moreover, the
energy needed to maintain the discharge transistor TD in the
“conduction” mode comes directly from the filter capacitor
Chizer- Therefore, once the discharge has been trigged by the
discharge branch 13, the discharge itself is “self-sustained”
until the residual voltage at the terminals of the filter capacitor
Chizer drops to very low (i.e., not dangerous) values.

By activating the control transistor TC for a short time, the
control unit 12 can repeat the discharge sequence (between
time instants T, and T,) for an unlimited number of times if
the discharge of the filter capacitor Cy,,, is not (completely)
effective “the first time around.” In other words, the control
unit 12 is capable of carrying out a series of discharge
sequences (called “multiple active discharge”) to discharge
the filter capacitor Cp,., in several steps. For example, the
multiple active discharge may be used when the isolating
switch 10 is jammed in a closed configuration, has an inter-
mittent operation, or opens with an anomalous delay (of the
order of a few seconds). The multiple active discharge allows
to ensure the attempt to discharge the filter capacitor Cg,,.,
over time [even in case of malfunctions (e.g., of the insulating
switch 10)] while avoiding failures caused by overheating in
the discharge branch 13.

By way of example, a bipolar-junction transistor (BJT) has
a collector, a “gate/base” terminal, and an emitter. In a sub-
stantially equivalent embodiment, a field-effect transistor
(typically, with “MOSFET” technology) having a drain, gate,
and source can be used.

The discharge device 11 is simple and cost-effective to be
implemented because it consists of a few elements that are
easily available and cost-effective. Furthermore, the dis-
charge device 11 ensures the possibility of (“automatically™)
activating the discharge of the filter capacitor C,,, evenin the
presence of faults in the control unit 12 (e.g., due to lack of
supply voltage or micro-controller reset) or electric system 1
(e.g., detachment of a connector or breakage of a fuse) and
case of total disconnection of the low-voltage storage system
7 (in which condition ail the electronic-control units on the
vehicle cease working and are switched off). Thereby, the
discharge device 11 greatly simplifies formal safety analyses
required in automotive applications because a “reverse analy-
sis” method can be carried out instead of analyzing the reac-
tion of the discharge device 11 in the presence of all possible
faults. That is, the discharge that is automatically generated in
the presence of faults is deactivated as long as the discharge
device 11 is intact. In other words, the discharge device 11 is
very robust even in case of multiple faults. The discharge
device 11 has an “intrinsic” thermal protection [i.e., not
bound to the intervention of external elements, but directly
determined by the passive components (in particular, safety
capacitor C,,, )] because the amount of electricity that may be
dissipated in the discharge branch 13 at each single activation
of the discharge branch 13 itself is automatically limited.
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It should be appreciated by those having ordinary skill in
the related art that the discharge device 11 and method have
been described above in an illustrative manner. It should be so
appreciated also that the terminology that has been used
above is intended to be in the nature of words of description
rather than of limitation. It should be so appreciated also that
many modifications and variations of the discharge device 11
and method are possible in light of the above teachings. It
should be so appreciated also that, within the scope of the
appended claims, the discharge device 11 and method may be
practiced other than as specifically described above.

What is claimed is:

1. A discharge device for active discharge of a main capaci-
tor in an electric-power system of an electric-drive vehicle,
the discharge device comprising:

a discharge branch of a circuit that is connected in parallel
to the main capacitor and includes a discharge transistor
that is biased to conduction mode when the main capaci-
tor is required to be discharged; and

a control device that is connected to a gate/base terminal of
the discharge transistor and commands the discharge
transistor, biasing the discharge transistor to conduction
mode when the main capacitor is required to be dis-
charged;

wherein the control device includes a safety capacitor that
is directly connected to the gate/base terminal and to a
power supply and charges when the discharge transistor
is in the conduction mode, causing a progressive
decrease of current at the gate/base terminal, until the
discharge transistor is biased to the non-conductive state
a given interval of time after the discharge transistor has
begun to conduct the current, so that the safety capacitor
serves the function of a timer that turns off the discharge
transistor after the given interval of time from activation
of the discharge transistor.

2. A discharge device as set forth in claim 1, wherein the
safety capacitor is connected across the gate/base terminal
and a positive terminal of the main capacitor.

3. A discharge device as set forth in claim 1, wherein the
safety capacitor is connected to a positive terminal of the
main capacitor through a first connecting resistor.
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4. A discharge device as set forth in claim 3, wherein the
gate/base terminal is connected to electric ground of a high-
voltage circuit through a second connecting resistor that,
together with the first resistor, defines a voltage divider.

5. A discharge device as set forth in claim 4, wherein one of
the terminals of the control device is connected across the first
connecting resistor and safety capacitor and another terminal
of'the control device is connected to the electric ground of the
high-voltage circuit.

6. A discharge device as set forth in claim 1, wherein, when
the main capacitor is required to be discharged, a control unit
activates an electronic DC/DC converter that is connected in
parallel to the main capacitor and provides power to a low-
voltage energy-storage system to transfer energy from the
main capacitor to the low-voltage energy-storage system.

7. A discharge device as set forth in claim 1, wherein, when
the main capacitor is required to be discharged, a control unit
activates an electronic high-voltage power converter that is
connected in parallel to the main capacitor and drives an
electric machine to circulate through the electric machine the
current that causes neither of generation and absorption of
torque.

8. A discharge method for active discharge of a main
capacitor in an electric-power system of an electric-drive
vehicle, the method comprising steps of:

biasing, when the main capacitor is required to be dis-

charged, a discharge transistor to conduction mode to
create a discharge branch in a circuit through which
energy accumulated in the main capacitor is discharged;
and

charging, when the discharge transistor is in the conduction

mode, a safety capacitor that is directly connected to a
gate/base terminal of the discharge transistor and to a
power supply to cause a progressive decrease of current
at the gate/base terminal until the discharge transistor is
biased to a non-conductive state a given interval of time
after the discharge transistor has begun to conduct the
current, so that the safety capacitor serves the function of
a timer that turns off the discharge transistor after the
given interval of time from activation of the discharge
transistor.



